Abstract -A total of 468 lactic acid bacteria (LAB) isolates from the interior of six traditional Pecorino Siciliano cheeses during ripening (1, 30 and 90 days) were characterized genotypically in order to assess the biodiversity within this wild microbial population. Two DNA-based technique, PCR and PFGE were used for genetic typing of isolates. Of the 468 isolates, species-specific PCR analysis showed that 79, 58, 2, 9 and 4 isolates reacted with primers for Lactobacillus paracasei, Lb. plantarum, Lb. pentosus, Lb. rhamnosus and Lb. curvatus, respectively and no isolates reacted with the Lb. casei primers. Genus-specific PCR analysis showed that 59 isolates reacted positively with the lactococcal primers, 221 with the enterococcal primers and 34 with the Leuconostoc primers, 1 with the pediococcal primers and 4 with the streptococcal primers. Enterococci were characterized at species level and twelve of the 221 enterococci isolates showed positive reaction with the E. faecalis species-specific primers, and the remainder 209 isolates positively with the E. faecium species-specific primers. PFGE analysis allowed to identify different strains of the same species of Lb. plantarum and Lb. paracasei. The strains which reacted positively with Lb. curvatus, Lb. pentosus or Lb. rhamnosus primers gave a unique PFGE pattern. PFGE indicated 52 different band patterns for enterococci, 9 for lactococci, 5 for leuconostocs and 1 for streptococci and pediococci. The results suggest that wild bacterial populations should be preserved in order to protect the traditional raw milk cheeses, and to select new specific strains for the dairy industry.
INTRODUCTION
"Protected Designation of Origin" (PDO) status was awarded in 1955, for Pecorino Siciliano cheese. The evolution of dairy microflora is of particular interest for the PDO cheeses because these kind of cheeses are often made with raw milk containing a large number of adventitious micro-organisms.
Pecorino Siciliano is a raw ewe's milk cheese made by a traditional method. The raw milk was heated to [35] [36] [37] • C and rennet paste (0.682 g·L −1 ) was added. Coagulation was allowed to proceed for 45-60 min, after which the coagulum was cut into pea-sized pieces, and covered slowly with water at 70
• C, to facilitate the release of whey. Immediately after separation of the whey, the curds, without being mixed, were transferred to a woven basket and warmed with "scotta" (whey at 80
• C) for 2-3 h to about 40
• C, after which they were held at room temperature for 24 h. The following day, the cheese is salted on the surface or washed with saturated brine. The cheese was then left to ripen for 90 d at about [10] [11] [12] [13] [14] [15] • C.
The importance of raw milk as a source of strains harbouring genetic diversity has been outlined in the traditional cheeses produced without pasteurization [12] . The study of the microflora present in the cheese and its evolution throughout the ripening are important for establishing the bacterial groups responsible for the characteristic flavour of this kind of cheese and for the isolation of new strains for the dairy industry. Lactic acid bacteria play a significant role in cheese ripening by virtue of their ability to autolyse and release intracellular peptidases into the cheese matrix.
Changes in the microflora occurring during ripening have been studied by means of classical identification, such as phenotypic tests, and genotypic methods. Phenotypic methods are those that detect characteristic that are expressed by the microorganisms, but these methods involve some problems such as the non reproducibility and lack of discriminatory power. Genotypic methods have been developed to get over the disadvantages of the traditional phenotypic methods. In the last few years, the development of new methods involving various DNA-based typing techniques [21] has opened up new perspectives for examining microbial communities of traditional or industrial Italian cheeses [13, 20, 28, 32, 34] . Pulsed field gel electrophoresis (PFGE) analysis, in this study, was used as a tool for examining overall genome similarity or divergence among strains.
Few studies are available on the autochthonous microflora of traditional Pecorino Siciliano cheese [35] . The aim of this work was to characterize the lactic acid bacteria isolated from Pecorino Siciliano cheese on the basis of phenotypic and genotypic features in order to assess the biodiversity within this wild microbial population. Typing methods based on molecular techniques (PCR and PFGE) have been used for the identification of the isolates to study the dynamics of bacterial population in the cheese.
MATERIALS AND METHODS

Bacterial strains and phenotypic characterization
Six samples of Pecorino Siciliano cheese made by the same producer in the neighbourhood of Ragusa (Sicily), at different stages of ripening (1, 30 and 90 d) were studied.
A 20 g sample from the interior of each cheese was taken aseptically and added to 180 mL of sterile Maximum Recovery Diluent and homogenized using a stomacher for 5 min. Serial dilutions were made in the same diluent. Appropriate dilutions of samples from the interior of the cheeses were analysed by the pour-plate technique for the isolation of: putative lactococci on LM17 (Oxoid, Basingstoke, UK) incubated at 30
• C for 3 d; streptococci on LM17 (Oxoid) incubated under anaerobic conditions at 45
• C for 3 d; enterococci on KAA agar (Oxoid) incubated at 37
• C for 1 d, mesophilic lactobacilli on Rogosa agar (Oxoid) incubated with an overlay at 30
• C for 5 d, or on MRS (Oxoid) containing (30 mg·L −1 ) vancomycin (Sigma, St. Louis, USA), at 30
• C for 5 d under anaerobic conditions. The spread-plate technique was used also to isolate putative thermophilic lactobacilli on MRS (Oxoid) pH 5.4 incubated at 45
• C for 3 d under anaerobic conditions. Isolated colonies (8 or 9 colonies) were selected from countable plates of Rogosa, MRS at 30
• C or 45 • C, LM17 at 30
• C or 45
• C, and KAA. Cellular morphology was confirmed by microscopic examination and isolates were re-streaked on their respective media and incubation conditions to obtain pure cultures. Pure cultures were maintained as frozen stocks at -20
• C in a 1:1 glycerol-MRS or glycerol-LM17 mixture until phenotypic and genotypic characterisation of isolates was undertaken.
Prior to phenotypic characterization, stock cultures were activated by plating on either MRS or LM17 agar. Single colonies were subsequently selected and tested for the production of catalase using H 2 O 2 (30 mL·L −1 ) and their Gram reaction by staining followed by microscopic examination. A total of 468 isolates the plates with a number of colony-forming units (cfu) ranging from 10 to 300 were selected for isolation from six samples of Pecorino Siciliano cheeses, at different stages of ripening (1, 30 and 90 d) were analysed.
Ability to grow at 10, 30 or 45
• C and in the presence of 6.5% NaCl at 30
• C was used as phenotypic tests for coccalshaped cells, while growth at 15 or 45
• C, production of CO 2 and hydrolysis of arginine were used for the rod-shaped cells; growth was assayed by visual observation. Coccal-shaped cells from a fresh culture were grown in 5 mL LM17 broth (2% inoculum). Growth was determined after incubation at 10
• C for 7 d, at 30 or 45
• C for 2 d and in LM17 broth containing 6.5% NaCl for 3 d. Rod-shaped cells from a 2% inoculum prepared from a fresh culture were grown in MRS broth. Growth at 15
• C was determined following incubation for 5 or 2 d, respectively. The ability of the isolates to produce CO 2 from glucose was determined in tubes containing 5 mL MRS, from which the citrate was omitted and inverted Durham tube. The test tubes were observed for the production of gas in the Durham tube after 2 and 5 d at the temperature at which the strains were isolated. The ability to produce NH 3 from arginine was measured in Abd-El-Malek medium containing 5 g tryptone, 2.5 g yeast extract, 0.5 g glucose, 2 g K 2 HPO 4 , 3 g L-arginine monohydrochloride per liter of distilled water. The tubes containing 5 mL of the medium with 2% inoculum were observed after 4 d at the same temperature at which the strains were isolated and the assay for the presence of NH 3 was carried out by the addition of Nessler's reagent to the tubes. A colour change from yellowish to orange indicates the production of NH 3 from arginine. On the basis of these phenotypic tests, the isolates were presumptively classified at genus level.
PCR analysis
Genomic DNA was extracted from overnight cultures using the procedure of Coakley et al. [9] . The final concentration of DNA was estimated using agarose gel electrophoresis and ethidium bromide staining.
PCR of presumptive strains of Enterococcus, Lactococcus, Streptococcus, Pediococcus, Leuconostoc and Lactobacillus genera was performed in a DNA Thermal Cycler (Perkin Elmer, Cheshire, UK). Streptococci, pediococci, leuconostoc and lactococci were characterized to genus level, while lactobacilli and enterococci were characterized to species level. The primer sequences and the PCR amplification conditions applied are shown in Table I .
A 100-bp ladder (Pharmacia Biotech, San Francisco, USA) was run along-side the samples as a molecular weight marker. The gels were run for 2 h at 110 V and the DNA visualized by UV transillumination.
PFGE
Pulsed field gel electrophoresis was performed as described previously by Brennan et al. [4] . The restriction enzymes used were AscI (New England BioLabs, Hertfordshire, UK) and ApaI (New England BioLabs) for the rod-shaped cells and coccal-shaped cells, respectively.
Gels with DNA from rod-shaped cells were run at 6.0 V for 20 h at 14
• C, with the pulse time ramped from 1 and 30 s. The DNA from coccal-shaped cells was run under the same conditions for 16 h, but with the pulse time ramped from 5 to 30 s. The agarose gels were stained with ethidium bromide (0.5 µg·mL −1 in distilled water), destained in distilled water, visualized under UV lights and photographed using Polaroid type 667 film (Sigma).
The TIFF images were searched for lanes and bands using the RestrictoScan module from the Taxotron package (Institut Pasteur, Paris, France) for Apple Macintosh computers. Fragment sizes were calculated from migration data using the RestrictoTyper module implementing the Schaffer and Sederoff algorithm [37] . Analysis of the restriction patterns was performed by using different modules from the Taxotron package: distance matrices were generated with the RestrictoTyper module by using the complement of Dice similarity coefficients with 4% tolerated error; clustering was performed with the Adanson module by the Unweighted Pair Group Method with arithmetic Averages (UPGMA) method based on the Pearson correlation coefficient; the dendrogram tree was constructed using the Dendrograf module.
Frequency of isolates
The frequency of the relative genera of lactic acid bacteria was calculated as the ratio between the sum of the relative frequencies of one genus and the sum of the all relative frequencies of all genera. In turn, the relative frequency of one genus was calculated as the ratio between the count obtained on one enumeration medium at each time of ripening and the number of isolates of that genus on the same medium.
RESULTS
Phenotypic characterization
Microscopic examination by means of the wet mount indicated that 137 of the isolates were rod shaped, 296 were cocci, 32 were coccobacilli and 3 were tetrads, as a total of 468 Gram positive catalase negative strains.
All rod-shaped cells isolated from the plates incubated at 30
• C were also able to grow at 15 • C and 86% at 45 • C. About 50% of rod-shaped bacteria isolated at 45
• C also grew at 15
• C. Of all rodshaped isolates 3% were facultatively heterofermentative, and these were isolated especially from cheeses in the early stages of ripening. Most of the coccal-shaped bacteria incubated at 30
• C were able to grow at 45
• C, 50% both at 45
• C and in presence of 6.5% of NaCl and 88% were able to grow at 10
• C and 45
• C and in presence of 6.5% of NaCl. Enterococci were further characterised using species-specific PCR primers for E. faecalis and E. faecium. Twelve isolates, representing 221 of the Enterococcus isolates, reacted positively with the E. faecalis species-specific primers; the remaining 209 isolates reacted with the E. faecium species-specific primers. These data indicate that E. faecium is, among the total of isolates, the dominant species of Enterococcus in Pecorino Siciliano cheese throughout ripening. All genotypes obtained by PCR analysis confirmed the phenotypes identified by phenotypic tests, excepted for some lactococci. Indeed, 28% of isolates that resulted to belonged to Enterococcus genus by phenotypic tests resulted, instead, Lactococcus. These isolates could be defined as "atypical" lactococci, displaying a fairly growing in the presence of 6.5% of NaCl and at 45 • C.
PCR analysis
Estimation of the number of strains of lactic acid bacteria present in Pecorino Siciliano cheese during ripening by Pulsed-field gel electrophoresis (PFGE)
Analysis by pulsed-field gel electrophoresis (PFGE) of the chromosomal macrorestriction patterns generated by ApaI or AscI digestion of total bacterial DNA allowed 468 lactic acid bacterial isolates to be divided into several groups, each consisting of isolates showing the same band pattern and thus considered to be identical isolates. To aid analysis of the data, a Pearson's coefficient of similarity between patterns was computed and used to construct a dendrogram for the 468 isolates ( Figs. 1 and 2 as members of the genus Lactobacillus were digested by AscI, while the coccus isolates, identified as members of the genera Lactococcus, Enterococcus, Leuconostoc, Pediococcus, Streptococcus were digested with ApaI. Isolates of Lactobacillus or coccus with a Pearson's coefficient of similarity of > 80% or > 70% respectively, were considered to be identical and were thus grouped within an individual cluster on the dendrogram. The Lactobacillus group could be subgrouped into a total of 17 clusters at the 80% similarity level, each containing one or more isolates. The Lactobacillus isolates identified formed 17 distinct clusters, numbered 1-17 (Fig. 1) . Three of the clusters, numbers 1, 3 and 6, contained 74% of the isolates. Eleven of the clusters belonged to Lb. plantarum, 3 to Lb. paracasei, 1 to Lb. pentosus, 1 to Lb. curvatus, 1 to Lb. rhamnosus.
The coccus group could be divided in 68 clusters at 70% similarity level (Fig. 2) , each containing one or more isolates. Only few PFGE patterns of enterococci were common among the samples at different stages of ripening. Indeed, some of the PFGE patterns were unique, found only in a particular stage of ripening, whereas 626 A. Vernile et al. other were found in cheeses throughout ripening. The E. faecalis identified formed three separate clusters numbered 34, 45, 54. In addition Figures 1 and 2 show that a limited number of biotypes were dominant (PFGE patterns numbered 1 and 3 for lactobacilli; PFGE patterns 1, 27, 30 and 52 for coccal-shaped cells), while most of the strains were isolated only once.
Number of isolates in each species/genus (lactobacilli, coccus groups respectively) and number of pulsotypes by species/genus are summarised in Figures 1  and 2 respectively.
Finally, the frequency of the respective genera of lactic acid bacteria were calculated to evaluate the relative predominance in the cheese during ripening. 
DISCUSSION
In recent years, there has been a growing interest in genotypic and phenotypic studies on wild isolates from artisanal cheeses produced mainly without the addition of a starter cultures [1, 10, 11, 17, 24, 35, 38] . Increasing information on the natural microbial population present in dairy products can help to prevent the loss of microbial biodiversity in typical foods and consequently the loss of a wide range of cheeses produced by different methods whose typical features depend on local and regional traditions and on the indigenous microbial population present in raw milk and selected due to the cheese-making environment.
In this study, two molecular techniques, PCR and PFGE were used to identify 468 Gram-positive, catalase-negative isolates from 6 Pecorino Siciliano cheeses at different stages of ripening.
The bacterial flora was dominated by coccal-shaped isolates during the early stage of ripening, while in the 90 days old cheeses the lactobacilli increased also. Of the 52 clusters of enterococci found by combining PCR and PFGE, only a few biotypes were common among the cheeses at different stages of ripening. The variability of enterococci isolated from Pecorino Siciliano cheese samples confirm the previous studies on traditional cheeses [6, 10, 30] . In cheese, particularly in traditional raw milk cheeses, enterococci are involved in the primary fermentation activity, but they also form part of the secondary nonstarter lactic acid bacteria (NSLAB) involved in the ripening process and in aroma development [10, 26] . These beneficial effects have been attributed to their proteolytic and lipolytic activities [7, 18, 36, 41] .
Strains identified as Lactococcus were dominant during the early stage of manufacture in the 1 d old cheese. About 80% of lactococci were isolated in the 1 d and 30 d cheeses. This result suggests the hypothesis that an early autolysis of lactococci can occur, and the releasing of their enzymes into the curd can contribute to the acceleration of ripening and is likely to influence the ripening properties of these cheeses [25] or they could also survive as VNC (viable but not cultivable) or die without lysis. In previous studies, strains of lactococci were found to be the dominant bacteria in Pecorino Siciliano cheese in the first stage of ripening [35] . Indeed, 28% of the lactococcal isolates (identified by PCR) in this study displayed "atypical" phenotype of growing both in the presence of 6.5% NaCl and at 45
• C, and 85% grew at 45
• C. Other authors found lactococci showing an atypical phenotype from raw milk and from artisanal cheeses [12, 23] .
The strains dominating the first stages are not necessarily present in the later phases of ripening. Indeed, many of the strains of Lb. plantarum were abundant during the early stage of ripening (data not shown), then decreasing during ripening, whereas the number of Lb. paracasei increased or remained constant in all six batches of 90 d-old cheese. Strains of Lb. curvatus were found only in the early stages of ripening. NSLAB constitute complex microbial associations that are characterized by the occurrence of various species and many biotypes as a result of a number of selective conditions persisting during the manufacturing process and different ecological niches [29] . The NSLAB community is composed mostly of mesophilic lactobacilli such as Lb. paracasei, Lb. plantarum, and Lb. curvatus [2, 25] . Nevertheless, pediococci, and leuconostoc could also be present [5, 22, 27] .
During the ripening period the number of lactobacilli was increasing most probably because of their higher ability to grow under the low pH conditions [6] . Mesophilic lactobacilli are important in the maturation of cheeses as they are able to ferment citrate and could be involved in proteolysis as well as in other enzymatic processes that occurred during cheese ripening [14] . PFGE analysis revealed a wide biodiversity of the complex environment of Pecorino Siciliano cheese. During the ripening different PFGE patterns were found for the same microbial species, revealing the presence of different strains of E. faecium, E. faecalis, Lb. plantarum, Lb. paracasei and Leuconostoc.
The results of this study enabled the dominant biotypes in Pecorino Siciliano cheese to be defined at each period of ripening. It was found that the strains that dominated the first stages of ripening were not necessarily predominant in the later periods and vice versa. In addition, a limited number of biotypes were dominant while most of the strains were isolated only once. Strains can be accidentally present and contribute to cheese organoleptic properties. Those strains which are more susceptible or resistant to the adverse conditions occurring during ripening could be of interest when autochthonous strains selected from the natural environment are used in the dairy industry. Moreover, the strains isolated in this study may be used as a basis for comparing, in further studies, Pecorino Siciliano cheeses made with the addition of different microbial associations. A complexity of the natural microbial population was found in traditional Pecorino Siciliano cheese during the overall period of ripening and this aspect underlines the importance of the protection of the wild microbial population associated with the production of traditional cheeses.
Further investigations into strain variability should focus on interesting technological characteristics such as their capacity to grow in milk, autolyse in cheese and contribute to proteolysis, lipolysis and amino acid catabolism.
